Abundant hydrocarbon shows are distributed in five different regions in the Kalpin area, northwestern Tarim Basin: Aksu hydrocarbon shows region, Subashi hydrocarbon shows region, Sanchakou hydrocarbon shows region, Piqiang hydrocarbon shows region, and Sickl hydrocarbon shows region, totaling 27 hydrocarbon show points. From the statistical analysis of all hydrocarbon shows in the study area, the paper summarizes the distribution characteristics. Combined with field investigation, previous documents of Kalpin area and oil-source correlation of hydrocarbon shows, the authors indicate that large multilayered oil-bearing paleo-reservoirs existed in the geological process in the Kalpin area, such as Aksu paleo-reservoirs and Piqiang paleo-reservoirs. Despite destruction by several periods of tectonic events after the formation of paleo-reservoirs, many reservoirs may still be left undamaged. Giant gas fields below the Middle Cambrian gypsum-salt bed could be preserved in the Kalpin area. In addition, the Middle-Lower Permian Balikelike formation, with good oil generating condition is an important exploration target in the Kalpin area.
INTRODUCTION
The Kalpin thrust belts, with a total area of 18,000 km 2 , are located in the northwest margin of Tarim basin (Wang et al., 2011) . Its main body consists of five to six rows of thrust sheets which are formed by Cambrian-Permian sedimentary rocks (Figs. 1 and 2). For a long time, the complicated tectonic conditions, complete outcrop sections as well as abundant hydrocarbon shows in the Kalpin thrust belts have attracted more and more researchers. Many research reports about stratigraphy, sedimentation, oilgeneration, tectonism and etc in the Kalpin area are published, especially tectonism, which is much argued. Though plentiful hydrocarbon shows in the Kalpin area have been mentioned repeatedly, there are seldom documents about further research on its petroleum geology significance. The surface structures were destroyed severely in the Kalpin area, so surface oil seepage, which is limited to show the surface structure in the past, cannot be a direct sign for oil prospecting in the study area. However, further study on oil seepage not only has more practical significance to recognize the condition of petroleum geology of the Kalpin area and its neighboring areas, but also play an indirect role in choosing exploration targets. Through field geology investigation, combined with previous documents of the Kalpin area, the authors discussed the distribution characteristics of hydrocarbon shows in the Kalpin area and its petroleum geology significance, and the result is expected to play a guiding role in petroleum exploration in the Kalpin area and its neighboring areas. 
DISTRIBUTION OF HYDROCARBON SHOWS IN KALPIN AREA

CHARACTERISTICS OF HYDROCARBON SHOWS IN KALPIN AREA
The characteristics of hydrocarbon shows could be summarized as follows:
(1) In the Kalpin area, all found hydrocarbon shows were generated in the Paleozoic strata. In particular the LowerPermian hydrocarbon shows are distributed most widely. (2) Hydrocarbon shows in the Kalpin area are characterized by extensive distribution, multi series of strata and various types. (3) In the Piqiang and Aksu regions, with the best development of hydrocarbon shows, there are some features of large-scale oil-bearing strata. (4) Hydrocarbon shows of various strata usually have both oil and asphalt. But four hydrocarbon shows of the Kangkelin formation are just asphalt without oil. (5) Different layers of oil and gas have unique characteristics of regional distribution.
Hydrocarbon shows of the Balikelike formation cover the whole region. Hydrocarbon shows of the Kangkelin formation are chiefly distributed in the Piqiang area. Silurian hydrocarbon shows are mostly found in the Sickle area and the west of the Piqiang area. Ordovician hydrocarbon shows are more scatteredly distributed in the Piqiang region, Sanchakou region and Aksu region. Hydrocarbon shows of the Yurtus formation only exist in the Aksu region. The characteristics of hydrocarbon shows may be related to the quality of source rocks, merit of cover, ancient sedimentary environment, tectonic strength and other factors. (6) A wide range of hydrocarbon shows in the study area, on one hand illustrate that the area is rich in oil and gas sources, and on the other hand also show that oil and gas reservoirs suffered more serious damage.
OIL-SOURCE ANALYSIS OF HYDROCARBON SHOWS AND PETROLEUM GEOLOGY SIGNIFICANCE
Aksu hydrocarbon shows region
Cambrian oil seepage
Concerning the Cambrian Yurtus formation oil seepage at Jianhuachang of Aksu City, the oil source is generally considered to be Middle-Lower Cambrian source rocks according to analysis of group component and relative content distribution of sterane between oil seepage and source rocks (Figs. 4 and 5 of "reverse L" type) (Wang et al., 1988; Zhao et al., 2000) . The Yurtus formation is a suite of phosphorite -siliceous rock -black shale sedimentary formation in the Xiaoerbulak section. Although the thickness of this formation is 32.7 m, its TOC reached as high as 14% . The upper part of the Xiaoerbulak formation is a suite of light-gray thick dolomite and the lower part is composed of dark-gray thin dolomite with "the black below white" characteristics. The lower part of dolomite with looming oil-bearing feature has an oil smell (Fig. 6a ). This further indicates that the Lower Cambrian has oil-generating capacity.
Ordovician oil seepage
Regarding Ordovician oil seepage, there exist controversies currently. From oilsource correlation of the Lower Ordovician Upper-Qiulitag formation oil seepage, Wang et al. (1988) considered that its source rocks might come from the MiddleUpper Ordovician (Fig. 4) . Huang et al. (1995) deemed that the Lower Ordovician oil seepage in Jianhuachang and crude oil in the Ordovician inner structure reservoir of well YM2 are probably originated from the Cambrian-Lower Ordovician source rocks. Zhao et al. (2000) , through analyzing the distribution characteristics of sterane and other indicators, held that the Lower Ordovician oil seepage in Jianhuachang and crude oil in the Ordovician inner structure reservoir of well YM2, YD2 may come from the Cambrian source rocks, are more likely to mainly mix with the oil from the Upper Ordovician source rocks ( basin except the Kalpin area, and it is impossible to be a substantial contribution to marine source oil which has been explored in the Tarim basin. In the present work the Upper-Qiulitag formation with "the black below white" characteristics in the Qingsong quarry section has more detailed features as follows, the upper of this formation has light oil smell with light color, the lower has strong oil smell with dark color. Strong oil smell with dark color was also found around faults (Fig. 6b ). These evidences demonstrate that the migration direction of crude oil is from the deep, Cambrian crude oil migrated to the overlying reservoir along the faults, so the oil source principally came from the Cambrian source rocks in the beginning, and subsequently mixed with some oil from the Middle-Upper Ordovician source rocks after maturation.
In a word, Lower Cambrian source rocks were developed in the Aksu uplift, and numerous large multilayered oil-bearing paleo-reservoirs existed in the geological time. In addition, the Middle-Lower Cambrian was proved to have high organic matter abundance as a good type of source rock . Oil and gas migrated to the Tabei uplift, Kalpin uplift and other neighboring uplifts when source rocks matured (Liu et al., 2006) . Currently hydrocarbon shows around the Awat sag, such as YM2 reservoir, YD2 reservoir as well as Aksu uplift, have genetic relationship with Cambrian source rocks.
The Cambrian -Ordovician hydrocarbon shows in the Aksu region are in liquid state with mobility, indicating that the Lower Paleozoic strata in the uplift region can still be one of important exploration targets. Moreover, oil source of Wuluqiao oil seepage is Cambrian source rocks (Lu et al., 2008) , it was also predicted that the Awat sag and its neighboring areas still have great exploration prospect for Cambrian oil source reservoirs (Lü et al., 2007a) . In the midwest of the Kalpin area, the unexposed Lower Cambrian strata at a greater buried depth, where the thermal evolution of organic matter reached the overmature stage, is in the state of dry gas production. Combined with field investigation (such as the Qingsong quarry section (Xie et al., 2009) ), seismic data interpretation and the data from surrounding wells (Fang 1, He 4, Tong 1, etc), the detachment layer of the Kalpin thrust belts is the gypsum-salt bed of the Middle Cambrian Awatag formation. Ma et al. (2007) speculated that the size of gypsum-salt bed of the Awatag formation under the Kalpin thrust belts would be significantly increased; therefore plenty of dry gas of the Lower Cambrian source, are still blocked below the gypsum-salt bed, and could form a large gas field. And as early as 1994, Lü et al. (1994) proposed to find giant oil/gas fields in the covered paleo-uplift in the Kalpin thrust belt.
Sanchakou hydrocarbon shows region
Due to a lack of geochemistry data, the oil source of the Upper-Qiulitag formation oil show in this region cannot be concluded. But Gao (2000) , evaluated the source rocks in the Bachu uplift adjacent to the Kalpin area, and considered that the major hydrocarbon source rocks of the Bachu area are the Cambrian-Ordovician highly-mature marine carbonate source rocks in the deep. Liu et al. (1997) and Chen et al. (1997) , by studying oil and gas source of the Bashitop oilfield adjacent to the Bachu uplift, believed that crude oil of well Qu 3 and Mai 3 in the Bashitop oilfield originated from Cambrian-Ordovician source rocks, while crude oil of well Mai 3 was slightly mingled with Carboniferous hydrocarbons. Many evidences indicated that Kalpin and Bachu uplifts were connected in the pre-Mesozoic Jia et al., 2004) , so the authors consider that the oil source of the Lower Ordovician oil seepage in Sanchakou may chiefly come from Cambrian source rocks and mix with the oil from Ordovician source rocks.
Subashi, Piqiang hydrocarbon shows region 4.3.1. Permian hydrocarbon shows
Permian oil seepage was found in the Balikelike formation. According to previous studies of its oil-source correlation, such as comparison of the characteristics of group component, oil seepage from No. 1 to No. 5 had close relationship with the Balikelike formation limestone (Fig. 7) . In contrast to the characteristics of saturated hydrocarbon chromatography, the distribution of carbon number of normal alkanes of Balikelike formation oil seepage have better comparability with its bottom biolimestone, with some common features of a smoother unsymmetrical curve and the dominant carbon peak of C 19 , which have a slight similarity with Kangkelin formation limestone, however, the shape of distribution curve of carbon number of normal alkanes of Kangkelin formation limestone saw toothed after the dominant carbon peak of C 19 , the difference of which is relatively obvious (Fig. 8) . Contrast of the characteristics of infrared spectrum, the value of infrared spectrum of Balikelike formation oil seepage was very close with its limestone, but had poor correlation with Kangkelin formation limestone (Fig. 9 ). In addition, Xia et al. (2002) , based on the comparison of the characteristics of carbon isotope between two oil seepage and three limestone samples near Piqiang area, found these value were very close, the δ 13 C value of saturated hydrocarbon is −30.349‰ ∼ −28.377 ‰, the δ 13 C value of aromatic hydrocarbon is −30.099‰ ∼ −28.077‰, the δ 13 C value of non-hydrocarbon is −30.291‰ ∼ −28.006‰ , and the δ 13 C value of asphalt is − 30.419‰ ∼ −29.541‰ (Table 2 ). These evidences demonstrated that oil seepage had apparent genetic relationship with the Balikelike formation source rocks, and also showed close distance migration of oil. Besides, from the field investigation in the Subashi section, the authors also found that the upper part of the Balikelike formation is a suite of dark gray limestone which fresh section oil smell after knocking. Through the geochemical analysis of 11 limestone samples, the value of TOC ranges from 0.03% to 1.06% with an average of 0.26%, the maximum of S 1 + S 2 reaches 2.38 mg/g, and the minimum is 0.06 mg/g with an average of 0.49%. According to the evaluation standard of carbonate source rocks of Huang et al. (1995) , this formation is regarded as moderate -good source rock. The Balikelike formation oil seepages in Subashi, Piqiang and Sickl hydrocarbon shows regions are respectively located in the first, second and third thrust belt of the Kalpin thrust belts (Fig. 1) . On its northern margin, it has thick Tertiary, Quaternary strata cover and the over-thrust belt cover, as shown by seismic profiles and field measured sections. Owing to the absence of the overlying Mesozoic and Cenozoic cover, the Balikelike formation, with low maturity of organic matter (R o average of 0.64%, T max average of 448°C), entered a low-mature stage ∼ mature stage. However, in the midwest of the Kalpin area with thick Cenozoic cover and greater buried depth of source rocks under the over-thrust belts, the maturity of Balikelike formation will inevitably increase, and reach the mature stage. That is the reason why hydrocarbon shows of the Lower Permian are widely developed in the Piqiang Mountain.
Carboniferous -Permian hydrocarbon shows
The oil source of the Carboniferous -Permian hydrocarbon shows (only Kangkelin formation) is considered to be the Kangkelin formation source rocks (Wang et al., Figure 8. Correlation diagram of distribution curve of carbon number of normal alkanes between (C 2 -P 1 )k, P 1−2 b oil seepage and source rocks in Piqiang area (modified from Wang et al., 1988 Wang et al., ). 1988 Xia et al., 2002) . More surprisingly, the authors only found asphalt in limestone miarolitic cavities and its fractures without oil. Xia et al. (2002) , by analyzing family components of source rocks (Fig. 7) , found that the content of volatile components of saturated hydrocarbon and aromatic hydrocarbon is low while the content of nonvolatile non-hydrocarbon and asphaltene is high (up to 66 ∼ 96%). That is the primary reason why asphalt without oil seepage was found in the Kangkelin formation of the Kalpin area. Of course, it may be related to the quality of organic matter and high maturity. According to the geochemical analysis of 7 samples from the Kangkelin formation in the Subashi section, only a gray-green shale sample on the bottom of the Kangkelin formation reaches 0.57% TOC, and the value of remaining six samples are low (0.02% ∼ 0.05%), the average value of R o is 1.01%, the medium value of T max achieves 454°C. These data indicated that the Kangkelin formation entered the mature stage. Furthermore, in the midwest of the Kalpin area with thick Cenozoic cover and greater buried depth of source rocks under the overthrust belts, the maturity of Kangkelin formation would be higher. In short, another reason why only asphalt shows are developed in the Kangkelin formation of Kalpin area is poor oil-generating condition and high maturity of organic matter.
Silurian hydrocarbon shows
Silurian Hydrocarbon shows are currently divided into two types: one is the asphalt shows in all regions such as No. 5, No. 11, No. 20, etc ; the other is the No. 10 oil show.
The first type of the Silurian hydrocarbon shows and widely distributed asphaltic sands in the Silurian in the Tarim Basin are of the same origin. According to Lü (1997) and Lü et al. (2007b Lü et al. ( , 2009 , in the first reservoir formation cycle (the late Ordovician ∼ the late Devonian) of hydrocarbon accumulation in the Tarim Basin, the Silurian anticline traps, ushered in the first peak of generation and expulsion of the Cambrian ∼ Lower Ordovician carbonate source rocks, were mostly destroyed by the succeeding strong lifting erosion. Zhang et al. (2000) and Wang et al. (2003) , based on modeling of burial and hydrocarbon-generation histories of well TC 1, considered that the Middle-Lower Cambrian source rocks with early hydrocarbon generation and rapid evolution entered the gas generating stage in the late Caledonian, and widely distributed asphalt in Silurian sandstone is mainly a product of this period. Xiao et al. (2005) , used the relative content of C 28 sterane, identified that the Silurian reservoir of well TZ62 is the first case of the Cambrian oil source reservoir in the Silurian of the Tarim Basin. Therefore, the Silurian asphalt shows should be related to the Cambrian source rocks.
Another type of Silurian oil seepage, No. 10 oil-soaked sandstone, is located in the upper part of the Kalpintag formation which has two layers with thickness of 10 cm each. Two layers are separated by about 4 cm, its lithology is dark-brown medium-fine grain pure quartz sandstone, turning gray after weathering, with light kerosene smell after knocking. The fresh rock fragments placed in a closed container had strong kerosene smell after a few hours. Xia et al. (2002) , based on comparative analysis of group component (Fig. 7) , sterane and terpane of oil-soaked sandstone and the Kalpintag formation mudstone, deemed that its oil source may come from the Kalpintag formation mudstone. If the oil-source correlation of oil seepage is correct, the Silurian mudstone in the Kalpin area which was regarded as very poor source rock must be undoubtedly recognized by petroleum geologists in the future.
Oil seepage in gabbro
Currently, there are two different views on the oil source of oil seepage in gabbro.
(1) Li et al. (2001) , by studying source rocks in the whole Tarim Basin, considered that oil source may come from the Lower Ordovician ∼ Cambrian source rocks; (2) Through the comparison of characteristics of saturated hydrocarbon chromatogram in gabbro, Xia et al. (2002) found that the saturated hydrocarbon chromatogram has the bimodal shape with a dominant peak of nC 28 (Fig. 10) . It represents that the organic matter type of source rocks is kerogen type III rich in higher plants. According to previous studies (Wang et al., 1988) , only the organic matter type of the Kalundaer formation mudstone is kerogen type III, so Xia et al. (2002) proposed that its oil source may be closely related to the Kalundaer formation mudstone.
The authors incline to believe the first view. After all, the Kalundaer formation mudstone in the current evaluation of organic matter abundance belongs to very poor to poor source rocks with low maturity of organic matter (Wang et al., 1988; Xia et al., 2002) . It also cannot be baked effectively by the late Hercynian volcanic rocks to speed up its maturation. Oil seepage in gabbro is still active recently, so there might be found a secondary reservoir under the gabbro body similar to the Piqiang paleoreservoir. Damaged by gabbro intrusion and faults, oil and gas from the paleoreservoir escaped along the fractures. Because the oil seepage could not bear strong oxidization, the paleo-reservoir was destroyed in the Himalayan tectonic movement which was consistent with the activity of Piqiang fault and its accompanying fault. In addition, No. 18 oil seepage of the Upper-Qiulitag formation, with mobile oil in the fissure, was found near the location of the gabbro oil seepage, which may imply that the gabbro oil seepage and No.18 oil seepage belong to the same paleo-reservoir in the early time (Figs. 1 and 11a) .
In summary, abundant hydrocarbon shows in Piqiang region indicated that several large multilayered oil-bearing paleo-reservoirs existed in the geological process in this area. Later, these paleo-reservoirs suffered severe damage with potential target strata exposed (Fig. 11b) . At the same time we cannot help asking a question, is there Figure 10 . Saturated hydrocarbon chromatogram of oil seepage in gabbro (modified from Li et al., 2001) .
preserved several multilayered secondary reservoirs in the wide Halajun sub-basin? According to previous studies Xia et al., 2002; Ma et al., 2007) , the Kalundaer formation mudstone with good sealing ability and the Paleogene gypsumsalt bed developed in Halajun sub-basin, particularly the Kalundaer formation mudstone are distributed widely in the study area with good sealing quality; the Kashen group gypsum-salt bed in the Paleogene was developed in the western pitching end of the west of the Piqiang fault. If this gypsum-salt bed detached in shallow layers in the development of the Kalpin thrust belts, it will play a good role in sealing reservoirs under the over-thrust belt (Fig. 11b) .
Sickl hydrocarbon shows region
The detailed analysis of hydrocarbon shows in Sickl area has been discussed above. It is worth mentioning that surface structures in the Sickl area suffered varying degrees of structural damage, but the Sickl hidden anticline under the Kalpintag thrust belt, with relatively ideal oil source condition, reservoir condition and preservation condition is established in the seismic section. It can be one of the important exploration areas. In a word, multilayered and broadly distributed hydrocarbon shows in the Kalpin area illustrated that large multilayered oil-bearing paleo-reservoirs existed in the geological process, such as the Aksu paleo-reservoir and the Piqiang paleo-reservoir. Despite destruction by several periods of tectonic events after the formation of paleoreservoirs, many reservoirs may still be left undamaged. Giant gas fields below the Middle Cambrian gypsum-salt bed could be preserved in the Kalpin area. In addition, the Lower Permian Balikelike formation, which has good oil generating condition, is a very important exploration target in Kalpin area.
SEVERAL UNDERSTANDINGS
• Discovery of Cambrian oil seepage predicts the possibility of oil exploration in the Lower Paleozoic. And giant gas fields below the Middle Cambrian gypsumsalt bed could be preserved in most parts of the Kalpin area.
• The complexity of oil source of Ordovician oil seepage may be related to multiple stages of hydrocarbon accumulation and oxidation of oil seepage.
• The high content of nonvolatile non-hydrocarbon and asphaltene (up to 66 ∼ 96%) is the primary reason why asphalt without oil seepage was found in the Kangkelin formation of the Kalpin area.
• The Balikelike formation hydrocarbon shows in the Lower Permian are distributed widely in the whole Kalpin area, especially in the midwest. Good oil generating condition makes the Balikelike formation an important exploration target.
• Fresh mobile oil seepage in gabbro shows that a secondary reservoir may exist in the over-thrust belt, which may belong to the same paleo-reservoir with No. 18 oil seepage in the early time.
